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TITLE OF THE INVENTION 

Shadow-Free 3D and 2D Measurement System and Method. 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to non-invasive measurement 

systems. More specifically, the present invention is concerned with a shadow-free 
3D and 2D measurement system and method. 

BACKGROUND OF THE INVENTION 

[0002] In most automated 3D vision inspection systems, 3D 

10 measurements are combined with a 2D analysis, which in many cases implies the 
use of two separate acquisition stations. Consequently, it is difficult to take 
advantage of preliminary 2D results to improve the 3D analysis. 

[0003] The well-known Fast Moire Interferometry (FMI) method is 

based on a combination of structured light projection and phase-shift method for 

15 3D information extraction at each point in an image. The Figure 1 presents an 
example of FMI system. The FMI method uses the acquisition and analysis of 
several images with different grating projection. The 3D information extraction is 
based on an evaluation of intensity variation of each point with structured light 
modification. Basically, the FMI method analyses a point intensity variation with 

20 projected grating modification. The FMI method involves acquiring of a plurality of 
images and allows reconstructing an additional image corresponding to a 
configuration of lighting without any grid. Such a reconstructed image is useful for 
subsequent 2D analysis. However, this reconstructed image corresponds to a 
given configuration with lighting under an angle and does not give the possibility 

25 to identify some particularities of inspected components, since in such 
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configuration, some elements thereof may be barely or even not visible, resulting 
in a less detailed and slower acquisition. 

[0004] The patent no. US 5, 646, 733 presents a non-invasive 

measuring method and system based on a Shadow Moire configuration wherein 
5 the object under inspection is moved relative to an optical head, in such a way 
that multiple images with different phases are obtained. 

[0005] Other approaches allow acquiring consecutive images with 

different illuminations by turning on each one of a number of illumination sources 
successively. However, since such a method requires light sources commutation, 
1 0 additional images acquisition results in an increase of inspection duration. 

[0006] There is a need in the art for a 3D and 2D measurement system 

and method allowing a detailed thorough and fast examination of an object. 

OBJECTS OF THE INVENTION 

[0007] An object of the present invention is therefore to provide an 

15 improved shadow-free 3D and 2D measurement system and method. 

SUMMARY OF THE INVENTION 

[0008] More specifically, in accordance with the present invention, 

there is provided a system for shadow-free 3D and 2D measurements of an 
object, comprising an image acquisition unit, an FMI set-up with a first lighting, 
20 and at least one constant second lighting, wherein the system comprises a single 
grid located in an axis of projection. 
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[0009] In accordance with the present invention, there is further 

provided a system for shadow-free 3D and 2D measurements of an object 
combining in a single FMI set-up a Moire 3D lighting with at least one 
simultaneous external constant illumination to obtain a reconstructed image 
5 comprising features located in shadow zones created by the Moire 3D lighting, 
wherein relative intensities of the Moire 3D lighting and of the at least one external 
illumination respectively are selected to allow a 2D detection and 3D 
measurements. 

[0010] In accordance with the present invention, there is further 

10 provided a method for shadow-free 3D and 2D measurements of an object, 
comprising the acts of providing a first lighting source illuminating the object at an 
angle through a single grid located in an axis of projection; providing at least one 
second external constant lighting source illuminating the object; acquiring at least 
3 phase-shifted images with an image-acquisition unit; obtaining a reconstructed 
15 image taking into account both the first lighting source and the at least one 
second external constant lighting source; and analyzing the reconstructed image. 

[0011] Other objects, advantages and features of the present invention 

will become more apparent upon reading of the following non-restrictive 
description of embodiments thereof, given by way of example only with reference 
20 to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] In the appended drawings: 

[0013] Figure 1, which is labeled "PRIOR ART", is a schematic view of 

a FMI system as used in the art; 
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[0014] Figure 2 is a schematic side elevational view of a system 

according to an embodiment of the present invention; and 

[0015] Figure 3 is a flowchart of a method according to an embodiment 

of the second aspect of the present invention. 

5 DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

[0016] The present invention generally provides a system and a 

method allowing a thorough inspection of an object. 

[0017] More precisely, the system of the present invention combines in 

a single FMI set-up a Moire 3D lighting with other simultaneous external 
10 illumination, such as for example a coaxial external illumination, in such a way that 
the reconstructed image combines the advantages of these different illuminations. 
The relative light intensities may be chosen in order to assure the best 2D 
detection while maintaining the 3D measurements. 

[0018] The present invention will be described in relation to an example 

15 of 4 phase-shifted images, but may be applied to a range of systems of multiple 
phase-shifted images. 

[0019] As is well known in the art, in the FMI method, the 3D analysis is 

based on the variation of a grid projected on an inspected object. In a particular 
case of four phase-shifted images, the following system of equations is used: 

' /. (x, y) = R(x, y).[l + M(x, y) ■ Cos(<p(x, y))] 
2Q \l h (x,y)=R(x,y)i\ + M(x,yyCo S ((p{x,y) + 7r/2)] 

\I c (x,y) = R(x,y)- [1 + M{x,y)- Cos{(p{x,y) + 7r)\ 
I d (x, y) = R(x, y)-[l + M(x, y) ■ Co S (<p(x, y) + 3n 1 2)] 
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where l(x,y) is a scattered light intensity at a target coordinates {x,y}, R(x,y) is 
proportional to the target reflectance and incident light source intensity, and 
M(x,y) is a fringe pattern modulation (also called the pattern contrast). 

5 [0020] By resolving this system of equations (1), the phase cp may be 

founded as follow: 

It appears that the phase is independent from the target reflectance. This phase 
value is linked to object height information. 

10 [0021] When using an additional 2D lighting (coaxial or another), the 

relation (1) becomes: 

i a {x,y) = i alema ,{x,y)+ R(x,y)- & + M(x, y )- c os {<p{x, y ))] 

h{*,y) = *) + + M(x,y)Cos{<p(x,y)+7r/2)] 

' 7 e (x,j;)=/^(x 1 y)+*(r,y)-[l + M(x i j;).Cajb<x,j')+*)] 
M x >y) = U(^)+4^)'f + M{x,y)Cos{<p(x,y)+ 3x/2)] 

where I^^ix^) is proportional to the external light intensity (which is constant 
during the entire time of acquisition of the four images), for example coaxial or 
15 another light source. 



[0022] By resolving the above system of equations (3), the phase is 

given by the relation (2) hereinabove, which indicates that the phase value, and 



6 



therefore a measured height of the object under inspection, is independent from 
both the target reflectance R ( x >y) and the external lighting I exle „ ml {x,y). 

[0023] Therefore, the system of the present invention, as illustrated in 

the embodiment of Figure 2, comprises an FMI set-up with a Moire 3D lighting 12 
5 and a grid projection 14, and a constant coaxial lighting 16, produced by a beam 
splitter 18 located between an inspected object 20 and an image acquisition unit 
such as a camera 22, is selected as an example of an external illumination. 

[0024] Both lightings (grid projection and coaxial) remain switched on 

during the entire acquisition time. The coaxial invariable light 16 does not affect 
10 the phase evaluation. Saturation may be easily avoided by an appropriate choice 
of ratio between the lighting intensities and grid contrast. 

[0025] The constant external lighting 16 may be an ambient light, a ring 

source, a combination thereof, or any other invariable light source selected 
according to specific needs. 

1 5 [0026] By using the following relation to obtain a reconstructed image: 

'.M+hby)y&,)+iMy) = ^ jMM (4) 

such a system 10 allows taking benefit from different illuminations in the same 
image while avoiding the need to acquire additional images, since the 
reconstructed image takes into account simultaneously the Moire slanted lighting 
20 12 and the additional external coaxial lighting 16. 
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[0027] Interestingly, adding the coaxial (or another) lighting 16 allows 

inspection of regions that are in shadow zones created by the Moire slanted 
lighting (lighting under an angle). The analysis of such image (4) yields a detailed 
shadow-free inspection of the object. Indeed, while a number of features of the 
5 object under inspection may be seen under the slanted illumination, this slanted 
illumination nonetheless creates shadow regions, which hide some other features 
of the object under inspection. The additional coaxial illumination allows 
acquisition of date in these shadow regions and thereby brings up these other 
features of the object under inspection. 

10 [0028] Therefore, this combined reconstructed image permits the 

simultaneous analysis of different object features without neither commutation of 
light sources nor acquisition of additional images. It is believed to be within the 
reach of a person skilled in the art to select an appropriate light intensity 
combination for the best detection of object features. 

15 [0029] It is to be noted that the system 10 does not require a grid 

between the image acquisition unit 22 and the object 20. Indeed, as people in the 
art will appreciate, the system 10 has generally a configuration of the known 
Projected Moire type, which, contrary to the known Shadow Moire configuration, 
does not require the grid to be placed very close to the object, but, contrary to 

20 such a conventional system, the system 10 uses a single grid 14 located in the 
axis of the projection. Thus, the system 10 proves to be simpler to assemble and 
adjust than known systems. 

[0030] Moreover, the absence of a grid between the image acquisition 

unit and the object allows using the same image-acquisition unit with light sources 
25 that may be changed in order to proceed to other type of measurements. For 
example, the same system 10 with a single image acquisition unit may be used to 
perform surface inspections of an object for yielding a two-dimensional analysis, 



8 



which may be complementary to a three-dimensional analysis, and a three 
dimensional-analysis with the projected grid. 

[0031] Figure 3 is a flowchart of a method according to an embodiment 

of the second aspect of the present invention, for shadow-free 3D and 2D 
5 measurements of an object. 

[0032] The method 100 generally comprises providing a first lighting 

source illuminating an object under inspection at an angle, through a single grid 
located in the axis of the projection (act 110); providing a second external 
constant lighting source illuminating the inspected object (act 120); acquiring at 
10 least 3 phase-shifted images with an image acquisition unit (act 130); obtaining a 
reconstructed image taking into account both the first lighting source and the 
second external constant lighting source (act 140); and analyzing the 
reconstructed image (act 1 50). 

[0033] For a two-dimensional analysis of the object, a single image 

15 acquisition unit may be used to perform successive surface inspections with a 2D 
light source such as a coaxial lighting as described hereinabove in relation to the 
system according to the present invention. 

[0034] For a three-dimensional analysis of the object, a Moire 3D 

lighting and a grid projection are introduced, as described hereinabove in relation 
20 to the system according to the present invention. 

[0035] Therefore, the system and method of the present invention allow 

a 3D analysis based on a variation of the grid projected on the inspected object, 
wherein an additional image with a 2D lighting simplifies the analysis of some 
object particularities. 
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[0036] Although the present invention has been described hereinabove 

by way of embodiments thereof, it can be modified, without departing from the 
spirit and nature of the subject invention as defined in the appended claims. 



